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Abstract. Based on simulation models the surgeons can train technical skills and improve their 
functional status of musculoskeletal state. Work in good ergonomic position could reduce and 
prevent musculoskeletal disorders. The aim of this review is to carry out critical analysis of 
research on simulation techniques analysing the effectiveness of simulators on technical skills 
among the surgeons. The search of the articles based on the databases EBSCO, Science Direct 
and Web of Science. The articles published in 2011–2016 years and not the literature reviews of 
simulator models in surgery were the selection criteria. Most often the simulator models have 
used for training of laparoscopic operations, choosing new instruments or introducing new 
methodologies. Some articles have paid more attention to ergonomic equipment layout in practice 
to prevent musculoskeletal disorders. It is important to use simulators in the university hospitals, 
where the young surgeons and medical students are practicing. 
 




Many researches have shown that simulators are effective technical devices for 
training professional skills and test new tools, and good strategy to promote the 
effectiveness of students and young surgeons. When surgeons use the simulator for 
training it is needful to pay more attention on workplace ergonomics. 
Technical skills means that the person who use simulator can practice more before 
practicing in patients. With simulator the surgeons can train psychomotor skills, camera 
navigation and objects transfer. Also, they can train for 2D to 3D perception, two hands 
coordination and needle suture as well as knots training, organ placing and total needling 
(Xiao et al., 2013). When professional skills have achieved, the simulator training 
enables to focus on the special aspects of a surgical procedure (Debes et al., 2012). 
The simulators are good to test working on the new tool before buying and using it 
in operation. Often the instruments in one size used in laparoscopic surgery but the 
manner of using them varies according to the surgeon's hand size (Gonzalez et al., 2015). 
Simulation method is a safe and accessible way to learn surgical procedures outside 
the operating room. Simulator training programs for surgical trainees have been 
developed using special simulation laboratories (Buckley et al., 2014). However, the 
simulation training can never replace practical training, but it does provide a cost-
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effective and safe environment for surgeons to train their laparoscopic skills (Xiao et al., 
2014). Easily and low cost use of the simulator are two important qualities that could be 
considered by individual trainees in the training programs (Gromski & Matthes, 2011). 
The most often problem of testing laparoscopic simulators is that the participants 
do not realize the importance of the ergonomic factors and till today there is no standard 
questionnaire and no consensus on how many participants should be included in a study 
(Jalink et al. (2015). The ergonomic factors are important for posture training, but 
seldom participants are thinking about them theoretically (Xiao et al., 2013). Work place 
ergonomics must consider monitor height between the operating surface and surgeon’s 
eye-level height. The operating surface has set to 80% of elbow height, where the optical 
axis could be perpendicular to the target plane and box could tilt with angle of 20° (Van 
Veelen et al., 2002; Xiao et al., 2012). 
The purpose of our study is to carry out critical analysis of research on simulation 
techniques to identify effectiveness of simulators on technical skills among the surgeons. 
 
MATERIALS AND METHODS 
 
We searched through the data basis of ScienceDirect, EBSCO and Web of Science to 
























Figure 1. Review of studies flow chart. 
 
Our search strategy yielded 3,275 journal articles in ScienceDirect, 416 in EBSCO 
and 170 of them in Web of Science. We selected the articles in period 2011 to 2016. 
When to focus on clinical simulation method and skills’ trainings we added the keywords 
ScienceDirect, N = 3,275 EBSCO, N = 416 Web of Science, N = 170 
Years 2011–2016 
EBSCO, N = 214 Web of Science, N = 107 ScienceDirect, N = 958 
Extra keywords: Surgeon AND Skills 
ScienceDirect, N = 125 EBSCO, N = 6 Web of Science, N = 7 
Merged, N = 138 Dublicates, N = 4 
Title review- not relevant, N = 23 
Literature review, N = 45 
Removed during abstract review, N = 20 
Original Papers Reviewed, N = 26 
Keywords: Ergonomics AND Simulator  
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‘surgeon’ and ‘skills’. After that we removed from list the repeated articles and literature 
reviews. 
Based on the abstract information, we removed the articles not focused on 
ergonomic aspects, simulator principles or simulator in use, clinical background or not 
published in English. For critical analysis we yielded 26 studies. The topics included in 
the results Table 1 and Table 2 are: study, aim, sample, skills’ training, number of 
sessions, duration of sessions and outcomes. 
 
RESULTS AND DISCUSSION 
 
Our review covers the following outcomes of the studies: ‘new simulator and 
testing of technical skills’ (n = 8; Table 1) and only ‘testing of technical skills’ (n = 18; 
Table 2). 
There were 8 articles about testing ‘new simulator and technical skills’ (Table 1). 
Low cost was one principle to make the new model (Xiao et al., 2013; Xiao et al., 2014). 
The cost difference depends on the components have used. The cost of the simulation 
model in the study of Tunitsky-Bitton et al. (2016) was 180 $, in Xiao, et al. (2014) – it 
was 300 € – new Ergo-Lap Simulator was used, and in Burdall et al. (2016) study the 
cost was 900 £. In latter it was used Selective Laser Sintering printer to carry out 3D 
printing. 
Most the simulators were constructed in the box, the exercises were covered and 
the camera was showing the results. The demo of video game was used in testing 
technical skills by Jalink et al. (2015). The video game is showing the results on an 
acceptable level, but usually it takes more time than a traditional simulator. 
In the ‘new simulator and technical skills’ studies, all the used simulators showed 
acceptable results. Only the question arise, are these articles mutually comparable and 
statistically confident, when the participant numbers are quite different? For example, 
82 surgeons were under the observation in the video game study (Herbert et al., 2015), 
and only 13 participants were included in the other study (Horeman et al., 2015)  
There were 18 articles under the analysis about ‘testing of technical skills’ 
(Table 2). In addition some studies tested simulator effectiveness (Letouzey et al. 2014; 
Jalink et al. 2015) and some studies assessed the educational value (Botchorishvili et al. 
2012; Enciso et al., 2016a, Enciso et al., 2016b, Enciso et al., 2016c). 
 
Origin of the studies 
From a total 18 studies of ‘technical skills’ testing’, five of them were conducted 
in Netherlands (Luursema et al., 2012; Xiao et al., 2012; Luursema et al., 2014; Groenier 
et al., 2015; Jalink et al., 2015), four in Spain (Sánchez-Margallo et al., 2014; Enciso et 
al., 2016a, Enciso et al., 2016b, Enciso et al., 2016c), three in France (Botchorishvili et 
al., 2012; Letouzey et al., 2014; Morineau et al., 2016), three in United States (Rinewalt 
et al., 2012; Thawani et al., 2016; Viriyasiripong et al., 2016), one in United Kingdom 
(Bharathan et al., 2013), and one in Denmark (Vedel et al., 2015) and Hungary 
(Lukovich et al., 2016). 
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The task, maximum 
abdominal force, 
tissue manipulation 
force, and tilt angles 
of the left handle 
are significantly 
higher in SP. 
The 10 delegates 
that trialled the 
simulation felt that 
the tactile likeness 
was good, was not 
too complex, and 
generally very 
useful. 
Time in minutes and 
number of errors was 
significantly lower in 
the high experience 
group (p < 0.0001). 
For the construct 
validity, the 
participants in the 
expert group received 
significantly higher 
scores in each of the 
3 added items than 
did the trainees. 
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In total, eight ‘new simulator and skills’ testing’ studies have taken under analysis. 
Three studies were conducted in Netherlands (Xiao et al., 2013; Xiao et al., 2014; 
Horeman et al., 2015), two in United Kingdom (Herbert et al. 2015; Burdall et al., 2016), 
one in United States (Tunitsky-Bitton et al., 2016), and one in Norway (Debes et al., 
2012) and Argentine (Maricic et al., 2016). 
 
Period and Duration 
In Table 1 and 2 the studies with different duration for every task or group or session 
have shown (Debes et al., 2012; Luursema et al., 2012; Xiao et al., 2012; Groenier et al., 
2015; Jalink et al., 2015; Burdall et al., 2016  ̧Enciso et al., 2016a; Enciso et al., 2016c; 
Morineau et al., 2016) and in other studies were different duration in every task or group 
or session and depends on participant previous skills (Botchorishvili et al., 2012; 
Rinewalt et al., 2012; Bharathan et al., 2013; Letouzey et al., 2014; Xiao et al., 2014; 
Herbert et al., 2015; Horeman et al., 2015; Vedel et al., 2015; Enciso et al., 2016b; 
Lukovich et al., 2016; Maricic et al., 2016; Tunitsky-Bitton et al., 2016; Viriyasiripong 
et al., 2016) and some studies did not specify duration (Xiao et al., 2013; Luursema et 
al., 2014; Thawani et al., 2016). In some studies, the time of tasks have pointed out to 
achieve the best skills (Debes et al., 2012; Luursema et al., 2012; Groenier et al., 2015; 
Jalink et al., 2015; Burdall et al., 2016; Morineau et al., 2016). One study had no time 
limit (Sánchez-Margallo et al., 2014). 
 
Simulation 
In total eight ‘new simulator and skills’ testing studies’ have taken under the 
analysis (Table 1). The box trainer for laparoscopy was constructed to train laparoscopic 
skills. Ergo-Lap simulator was used in two studies (Xiao et al., 2013; Xiao et al., 2014) 
and Herbert, G.L. et al. (2015) study was the existing simulator modification. The 
simulator was printed out with 3D printer (Burdall et al., 2016) and a common rubber 
dummy was used and constructed simulation model was placed in it (Maricic et al., 
2016). 
In the ‘technical skills’ testing studies’ the different conditions and technical 
equipment have used. The box trainer have used in different studies: Surgical Science’s 
LapSim simulator was used in four studies (Luursema et al., 2012; Luursema et al., 2014; 
Groenier et al., 2015; Vedel et al., 2015). LAPMentor virtual reality simulator was used 
in four studies (Bharathan et al., 2013; Enciso et al., 2016a; Enciso et al., 2016b; Enciso 
et al., 2016c) and a Covidien box trainer was used in two studies (Xiao et al., 2012; 
Lukovich et al., 2016). Also, the simulator room (Morineau et al., 2016), Nintendo Wii 
U game console plus Underground game (Jalink et al., 2015) and validated video-trainer 
suturing model (Botchorishvili et al., 2012) have introduced. 
 
Outcomes 
Xiao et al. (2012) have paid an attention on ergonomics. In the ergonomic 
simulation setting the proper distance of the monitor has included, the optical axis was 
perpendicular to the target plane, the operating surface was set as 80% of elbow height, 
and box trainer was tilt as an angle of 20°. Xiao et al. (2012) was doing the experiment 
with optimal and non-optimal ergonomic simulation setting. 
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 Simulation training was associated with  
an increase of performance scores in the 
operating room averaged over all measures 
(p = 0.0045). 
Average acceleration analysis showed 
statistically significant differences 
between the groups on both vertical  
and horizontal axis in the laparoscopic 
suturing task. 
 
Similar methods have used but different participants have observed in the 
Enciso et al. (2016a; 2016b; 2016c) studies. The eye-hand coordination, hand-hand 
coordination, and transference of objects registering time and movement metrics have 
trained with the virtual reality simulator. The participants passed theoretical session (one 
hour) and a hands-on session on simulator (7 h) and on animal model (13 h). After the 
training course the participants performed all the tasks faster. Animals who were in the 
Enciso et al. (2016a; 2016b; 2016c) studies were anesthetized and attended by 
veterinarians to assess their welfare. 
Thawani et al. (2016) stressed on limitations which include a small number of 
subjects and bias adjudication − although the identifying of trained and untrained 
subjects was blinded. In further studies the using of proposed methods may better 
describe the relationship between simulated training and operative performance in 
endoscopic neurosurgery. 
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Sometimes the participants did not play the full and final version of the simulator’s 
game, was also highlighted as the limitation of the simulators’ studies (Luursema et al., 
2014; Jalink et al., 2015). 
Maricic et al. (2016) have used the questionnaire to evaluate the simulator 
ergonomics, the anatomical features and functionality of the simulation model. The 
study of Xiao and co-authors (2012) clearly demonstrated how the optimal ergonomic 
simulation setting and posture of a surgeon leads to better task performance. Some 
studies have included one or more questions about simulator ergonomics into the 
questionnaire (Botchorishvili et al., 2012; Bharathan et al., 2013; Jalink et al., 2015; 
Vedel et al., 2015; Lukovich et al., 2016). Two studies were talking about what was 
effective for practicing basic laparoscopic skills in an ergonomic manner (Xiao et al., 
2013 and Xiao et al., 2014). 
In Maricic et al. study (2016) showed that the new model regarding anatomical and 
functional characteristics as useful specific advanced training method was widely 
accepted among participants. 
The Fig. 2 demonstrate theoretical framework for clinical task management skills 






















Figure 2. A framework for clinical task management skills (Morineau et al., 2016). 
 
The Fig. 2 summarise the objective of the observed studies to develop the task 
management skills by proposing a framework focusing on task management deficiencies 
qualitatively. So far, it is not possible to use this framework as an ‘on hand’ tool for 
evaluating care performance in the course of educational process. However, it open some 
Work Environment 










Task Management skills 
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significant perspectives to improve understanding of performance deficiencies during 
care delivery inside heterogeneous medical teams. 
The most of studies showed significant differences between the groups – after the 
simulator training the participants demonstrated faster performance (Botchorishvili et 
al., 2012; Luursema et al., 2012; Rinewalt et al., 2012; Xiao et al., 2012; Bharathan et 
al., 2013; Letouzey et al., 2014; Luursema et al., 2014; Sánchez-Margallo et al., 2014; 
Groenier et al., 2015; Vedel et al., 2015; Enciso et al., 2016a; Enciso et al., 2016b; Enciso 
et al., 2016c; Lukovich et al., 2016; Thawani et al., 2016¸ Viriyasiripong et al., 2016). 
That shows necessity for simulation training. 
Based on yielded 26 studies, we can say that simulators are effective for training of 





Our critical review focused on an effectiveness of training on technical skills with 
different simulators among the surgeons. The main topics were testing of new simulator 
with training of technical skill and only training of technical skills with existing 
simulator. To find more studies about the measurements of the effects of the simulator 
training on functional status of musculoskeletal system the other search programs could 
be in use. In majority studies the authors who tested the simulators have achieved 
positive results of surgeons’ technical skills, but they used different exercises. Two 
hands coordination, needle suture, 2D to 3D perception, knots training, organ placing 
and total needling were the most often used exercises. 
Based on this critical review we can conclude that simulators are important method 
for students and young surgeons to train technical skills effectively. In further studies 
the researchers should pay more attention to work place ergonomics, position and 
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